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mas, the stability of ion-acoustic waves has been studied, and the results have oar, been accepted for many years. For example, linear Vlasov theory predicts that ion-acoustic waves in current-free plasma are Landau-damped, and the plasma is stable. I In the presence of a current, ion-acoustic waves become unstable when the current exceeds a threshold value.
• For collisional plasmas, the stability situation is unclear. On the one hand, :
there are studies of collisional, current-free plasma that indicate that ion-acoustic L,%" Fokker-Planck equation in the weakly collisional limit for both the electrons and the ions to find that e-i collisional undamping was small compared with i-i collisional damping for a wide range of wavenumbers and temperatures.
On the other hand, there are studies of weakly collisional plasma, driven unstable by the pres-$ 0 ence of a current, which indicate that e-i collisions have a significant undamping effect 2 ' on ion-acoustic waves and lower the critical current required to produce n current-driven instability. In these studies, 2, 5 however, the authors gave no discussion of the stability of the plasma in the limit of zero current. In our view, the stability of ion-acoustic waves in a weakly collisional, current-free plasma is .
unresolved. The purpose of this report is to present a resolution based upon the Balescu-Lenard-Poisson equations.
The Balescu-Lenard kinetic equations for the one-particle distribution functions for a weakly coupled (g <<1) plasma, which may be used to study long wavelength phenomena, are derived by truncating the Bogoliubov-Born-Green-KirkwoodYvon hierarchy to the first order in g, by applying the adiabatic approximation and 6 by using time-asymptotic solutions for the pair correlation functions. Here, g is the plasma parameter. Use of the adiabatic approximation implies that the pair 0 correlation functions relax on a time scale that is fast compared with that or the one-particle distribution functions, and use of time-asymptotic solutions for the pair correlation functions implies that plasma waves are not growing in time. Although the adiabatic approximation is known to break down for W greater than the 7 electron plasma frequency (Jasperse and Basu, Section IVC), we assume that it is valid for low frequencies and long wavelengths. We also assume that the timeasymptotic solutions for the pair correlation functions are valid in stable plasmas up to the limit of marginal stability.
Irethis report, wepresent~two important results for a weakly collisional, current-free, two-temperature electron-ion plasma: (1) that e-i collisions have -an undamping effect on ion-acoustic waves, and (2) 
provided that Ti0/Te0 and k/ke <<1 and the inequality 1> v ei/W ia holds. Here,
3/2) g Wpe, where g is the plasma parameter, In A ei is the Coulomb logarithm, and w pe is the electron plasma frequency.
CLOSED-FORM SOLUTION FOR THE COLLISIONAL DIELECTRIC FUNCTION
We begin with the nonlinear Balescu-Lenard-Poisson kinetic equations for an unmagnetized, two-temperature electron-ion plasma. We consider a quasi-steady, zero-order state where the zero-order distribution functions are Maxwellian with unequal temperatures (Te 0 j Ti0). In order to obtain the dielectric function that contains the effects of e-e, e-i, i-e, and i-i collisions to the first order, we linearize the equations for small amplitude, electrostatic perturbations about the zero-order state and apply the collisional propagator expansion method 8 appropriately generalized for a two-constituent plasma. Using the techniques discussed in Jasperse and Basu, 7 we find that all of the integrals that appear in the dielectric.-function may be reduced to the simpler forms presented here. Since the algebra involved is straightforward but lengthy, the details of the calculation will be reported elsewhere. The dielectric function to the first order in collisionality is: (1 4 1: (1/19) d 1 /2 1/2 In Eq. (2), k has been 00 oriented along the positive z-axis. We note that, when T -T in Eq. (2), we 9 obtain Eqs. (1) and (2) of Jasperse and HasLI.
Also, when Te T T and ion mo-_ tion is neglected, we obtain Eqs. (26) through (30) 
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In what follows, we presen-t some analytical results that we obtain from Eq. (2) by making apprni riate approxim at ions. From Eq. (2), we see that C contains eight collisional terms, two terms for each of the four collisional pairs:
e-e, e-i, i-e, i-i. The imaginary parts of the terms for each of the four colli-Q) " br sional pairs, denoted by X contribute to the imaginary part of the wave frequency as damping or undamping. For ion-acoustic waves at long wavelengths, we By taking the velocity moments of the perturbed electron distribution function and neglecting collisionless damping effects, we find that
TeT 0 (i/2) (,ei/w) (e l/T 0 ),
where nel' Q1, and Te 1 are, respectively, the perturbed electron density, perturbed potential and perturbed electron temperature in k -W space. These results
show that the electrons are not isothermal and that there is a collision-induced, temperature perturbation associated with the ion-acoustic mode. We recall that in the linear Vlasov theory of the ion-acoustic mode, the electrons are isothermal and T =.
el A more detailed discussion will be presented elsewhere. ./4. We see that 8 the undamping effect operates for equilibrium as well as nonequilibrium plasma, and has a value which, except for the T 3 /2 dependence of v' is nearly independ-)O ent of T and Ti0
The difference between equilibrium and nonequilibrium plasma is that, for equilibrium plasma, ion Landau damping easily overcomes e-i collisional undamping, and the plasma is stable, whereas for nonequilibrium plasma, a wavelength can be found where e-i collisional undamping balances ion and electron Landau damping, and the plasma is marginally stable. Our analysis suggests that when v e/Wa exceeds the quantity on the right-hand side of Eq.
(1) a collisionei ia driven ion-acoustic instability occurs. Although the Balescu-Lenard collision operator may not be valid for unstable waves, it is our belief that such an instability exists but the actual threshold condition may be slightly different. In order to test this idea, we suggest that an experiment be performed. The threshold param- 
